Marble waste, in the form of sludge obtained from the marble cutting industry, was incorporated in the mixture formulations of concrete block. The possibility of using marble sludge powders (MSPs) as a substitute for limestone was investigated over a three year period. The production of cement block from sludge was standardised in terms of process and content. Interpretation of the results have shown that appropriate incorporation of MSP can result in favourable characteristics in terms of compression strength 9 N/nm 2 at 28 days, and water absorption (7%), anticipating a complimentary usage of sludge as a by-product instead of being waste.
Introduction
Nowadays, the growing consumption of available natural resources as raw materials in industry leads to their decreasing quantity, as well as quality, in nature. In addition, the marble cutting industry generates a high volume of wastes.
The most important issue that forms the basis of this project is that the amount of construction and demolition waste in landfill sites and municipalities side roads is expected to increase in the near future at international levels.
Several research projects are being conducted by incorporation of these waste materials to reduce their environmental impact, especially after being air dried.
The waste of the Marble Cutting Industry (MCI) comes in the form of small and irregular pieces, which are sold to chip manufacturers, and sludge. The waste composes about 20-25% of the total volume [3, 6] . The produced sludge was treated in settlement tanks to separate water with about 70% of the total sludge volume from mud or wet powders.
As an industrial concept and for the sustainable development of natural resources, waste might be used as a by-product in some other industry. The use of industrial waste materials as alternatives, and sometimes as additives, in the construction and manufacturing of the ceramic industry [5] and their products aims to limit the use of natural raw materials in construction [2] .
The use of marble dust collected during the shaping process of marble in the asphalt mixtures as a filler material can be considered as an alternative [7] . Puzinauskas [11] and Terzi [13] have investigated the use of marble sludge mixtures as filler materials in asphalt manufacturing.
Other investigators have used Marble Sludge (MS) in metal contaminated soil to reduce the available heavy metal concentration (remediation) [10] . Therefore, the detrimental effects of the cement and concrete industry to the environment can be reduced [8, 9] , as well as the marble industry.
The MCI faces extra costs in disposing of MS in terms of availability off site, transport and charges to local municipalities. So, any cost effective method to dispose of MS will be welcomed and encouraged by the industry itself and environmental agencies (see [12] ).
So, marble sludge powder (MSP) has been thoroughly investigated as a component of concrete brick formation. Different compositions and concentrations have been tried with limited success in terms of quality.
The aim of this study was to incorporate the MSP in the concrete block industry and to evaluate the quality of the produced brick in comparison to standards and commercial requirements. This study identified the primary opportunities, constraints, and means to divert MSPs from the solid waste stream.
Methodology

Collecting of MSPs
The produced sludge was collected directly from the settlement tanks in which there are not any external materials (wood parts, plastics, etc.). The as-received marble sludge was air dried and crushed in a hammer-mill to get a fine powder. The air dried powder was mixed with water for sieving purposes.
Characterization of MSPs
The produced MSP was sieved (in No. 200 sieve, Table 1 ) and graded. Then it was mixed with limestone, cement (CEM-II/A-P 42,5N) and water using an agitator blender in different concentrations ( Table 2 ). 
Treatments design
Seven formulas (Table 2) , having a certain amount of mixed materials represented in the volume base and each volume unit having its own weight, were derived from the combination of the following four components: Coarse aggregates (A), Fine aggregates (B), cement, and MSP. These were incorporated in block mixing formations in different percentages chosen as results indicated in some representing samples with promising and good signs after manufacturing random samples selected from the combinations. The test results were compared to a standard mix (series 8) as a control formula since it is used in the ordinary block manufacturing plants.
Figure 1:
Compression strength behaviour in the selected series.
The produced mixtures were directly put into templates or a mould matrix (100x200x400 mm, width, height, and length respectively, Figure 2 ) by applying a compressive force at a rate of 600 k/min for about 50 s for mechanical compaction. Within the mould the produced blocks have the dimensions as illustrated in Table 3 . Produced 10 cm building block with features as in the referred to templates or mould matrix (weight 10.44 kg).
After natural strengthening, and after removal from the templates, watering takes place the next day, and after air drying, these blocks were soaked in water for 24 hours, and were then removed for air drying. The next day, they were again soaked for 48 hours and then lifted for air drying for 28 days for physical www.witpress.com, ISSN 1743-3541 (on-line) characterization, mainly for compression strength and to pass water absorption tests (blocks or any mixed components were fired). Chemical analysis was carried out on the MSPs to determine the average chemical composition of the air dried sludge.
Figure 3:
Dimensional measurements.
Compression strength (Cs) was determined on the produced blocks at 28 days, using a compressive testing machine with a maximum capacity of 3000 kN. The loading was increased at a rate of 450 kN/min during pressing (Figure 4 ). Compression strength (Cs) for incorporated blocks.
Results and discussion
The grain size distribution of MSPs shows that the main particle size was less than 0.07 mm in diameter (90.9%), which might replace the very fine limestone particles that are normally incorporated in ordinary block manufacturing. Such a material can theoretically speaking reduce voids between the larger particles that form the mixture. The dimensions of the produced blocks were measured for calculation purposes as shown in Figure 3 and Table 3 . The high calcium oxide content (49.35%) indicates the calcite type marble of limestone origin (Table 4) , in addition to small amounts of aluminium, silica, sodium, potassium and iron, and magnesium oxides are the secondary oxides detected. The physical properties were examined (Table 5 ) to determine compression strength and water absorption ( Table 5 ). The presented values of Cs are the average of four measurements. From the results obtained (Figure 1) , it can be seen that the compressive strength of the blocks was increased with the addition of MSP, which partially replaces the cement and fine limestone aggregates. The non-representing values were produced and measured ( Figure 4) . The blocks are of loose and fragile structure and of high-low eroded blocks as represented in series 2 (Cs of 0.9 N/mm 2 ) and 3 (Cs of 0.6 N/mm 2 ). The accepted Cs values were compared to the Jordanian standards (2.7 N/mm2) for four cases. In case 1, A and B are in ratio of 2:3. Variation taking place in the MSP leads to the fact that it can replace cement and act partially the same in cementing aggregates. Reducing the cement value by 49% volume base value (series 1) to that in series 5 of (2.7 N/mm 2 ), makes the possibility of increasing the MSP by one unit (volume unit) to get the same Cs value (2.7 N/mm 2 ). In case 2, mixing the same quantities as the control sample (1A, 1B) of one volume unit for each cement unit, make the addition of MSP insignificant, as if we reduce the cement value by 50% with the addition of one unit of MSP (series 2 as an example) where Cs is 0.9 N/mm 2 , while increasing MSP by one unit up to two units (series 6) and keep the other components as in series 2, the result is an increase in Cs value up to 3.5 N/mm 2 , which is more than required.
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In case 3, the importance of MSP was clear in series 1 and 5, in that using the ratio of 2A:3B was fixed for both. Variation in cement units by reducing the cement value to 49% in series 1 compared to series 5 makes the Cs value the same in both (2.7 and 2.6 N/mm 2 ) when we increase MSP value one unit to replace the decrease in the cement value.
In case 4, from the results obtained in case 3, a further reduction in cement value was carried out. 80% out of one unit was reduced in cement value, and the variation in A, B and MSP tested. When A and B were in the ratio of 1:4 as in series 4, good results were obtained when the MSP reached a value of two units (Cs of 7.8 N/mm 2 ), which reflects the possibility of MSP -cement replacement (to a certain extent) accompanied by A and B values.
From case 4, case 5 has been taken place to examine the possible increase in Cs. When A and B were in the ratio of 2:4 and the above cement quantity was fixed (0.2 unit volume), the most surprising values were obtained when the MSP was in two unit volume, where the Cs value was 9 N/mm 2 (series 7). Water absorption after air drying and at 28 days were measured (Table 5 ) and the best results was obtained in series 4 and 7, having the highest Cs values (0.17 and 0.07 respectively). Water absorption was definitely less than 7% and so the block mixtures are accepted as they obviously satisfy the ISO regulations for traditional ceramics, such as blocks, or roof and floor tiles. Thereby, there is a high tolerance for incorporating large amounts of suitable wastes as raw materials [4, 5] , such as the case of MSP.
Conclusion
The use of MSP collected after the cutting process of marble blocks in block manufacturing mixtures was investigated. The samples, containing air dried and crushed MSP or/and limestone gravels, were prepared. Test results showed that MSP can partially replace cement in block manufacturing, which indicates the potential use of MSP as a cementing agent. Coarse aggregates are used as a filling material while fine aggregates reduce pore space between particles, which increases aggregate strength and the densification of the produced blocks. Since block manufacturing mixtures containing the MSP have significantly higher compression strength and low water absorption, the block mixtures containing MSP are recommended for construction in all its forms in that the best target market for absorbing and consuming such products is the construction sector.
MSP incorporation had a positive effect on density, shrinkage and plasticity during all stages of the production process, anticipating some modifications in the industrial production line.
